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Abstract

Premixed natural gas combustors are attractive for utility applications due to the their low
NO  potential as well as low emission levels of CO, UHC and soot.  The lean premixedx

combustion reduces peak flame temperature in combustors as compared to the near stoichiometric
flame temperatures obtained near the fuel-air interface in diffusion flames.  The degree of
premixing controls the thermal field uniformity of premixed flames and the corresponding
emission levels.  The Extent of thermal nonuniformity in premixed combustors depends on the
input and operational parameters of the combustor including premixing method, turbulence level,
degree and distribution of swirl in the combustor.  The non-uniformity in thermal field can have an
influence on the overall performance of the combustor, including stability limits and emissions. 
The goal of our program are to examine (a) thermal field non-uniformities in premixed/partially
premixed flames, (b) role of swirl and momentum distribution in a premixed burner on thermal
field non-uniformity, (c) thermal time scales and their correlation with the emission levels, and (d)
optimum levels of swirl and momentum distribution in a premixed burner for uniform thermal field
and low emission levels.  Results obtained to-date have shown that premixed swirl combustors
can possess large integral time scales of temperatures under certain condition.  In general these
large time scales are correlated with the emission of trace pollutants including NO   x

During the reported period experimental date were taken to obtain structural information
on several flames obtained using the double concentric swirl burner.  Information on the 
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distribution of OH radical species as well as CH and C  have also been obtained from a flame. 2

Detailed insight on the distribution of radical species in premixed and partially premixed flames
assist in understanding the unmixedness and flame structure.

In addition, further analysis has also been carried out on the flame thermal signatures and
their correlation with the overall emission levels.  Several premixed and partially premixed flames
were further investigated to determine mean and fluctuating temperatures, power spectral density,
probability density and temperature auto-correlation in order to provide comprehensive
understanding of the temperature distribution and the degree of thermal signature variation in
these flames.  Temperature auto-correlation data provide information on the integral-time scale
and micro-time scale of temperatures in flames.  Emission data on NO  , HC, and CO have beenx

obtained at different swirl and momentum distributions to the incoming mixture.  The emissions
data combined with the corresponding thermal signature data provides an insight on the role of
input swirl distribution on the combustion and emission characteristics.  The results from the
premixed and partially premixed flames are compared in order to determine the role of swirl and
flow momentum distribution effects on flow structures and flame characteristics.

The results obtained show that the distribution of swirl in the burner has a strong influence
on the flame thermal signatures.  Distribution of swirl and flow momentum distribution to the
burner affects the thermal field and emission levels.  In general large values of the integral time
scale of temperatures result in higher levels of NO  , CO and UHC.  Micro-thermal time scales inx

the combustor assist in good mixing of the reactants to the micro-scale level.

The conventional definition of mixedness is a dimensionless parameter that is a function of
a specific scalar field.  The analytical expressions for swirling flows are incorporated into the
expression on mixedness in premixed flames.  These expressions are then used to simulate the
thermal nonuniformities in premixed swirling flames.  The simulations are then used to compare
with the results obtained experimentally.

We have continued to provide industrial collaborations with Allison, Pratt & Whitney,
Solar and GE.  These collaborations have proven to be very beneficial to each party in addition to
the fruitful exchange of ideas and direct benefits of our results to industry.
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Motivation 

Mixers used in premixed and partially premixed 
combustors do not provid~e uniform and 
homogeneous reactant mixture at the microscale 

level 

Non-uniformities in the gas flow have a significant 
effect on combustion and emission 

Swirlers used Tar flame stabilization provi~de 
significant influence on combustion and emission 



Objectives 

l Determine the effects of swirl and axial momentum 
distribution on the structure of premixed and 
partially premixed flames 

l Investigate the effects of radial distribution of 
equivalence ratio on combustion characteristics 

l Provide guidelines on advanced mixing 
configurations for archieving high efficiency and 
low pollution combustion 

Schematic of the Premixkd Burner 



Experiments 

l Test matrix for all examined flames 

l Direct flame photographs 

l OH concentration distribution 

l Mean and fluctuating temperature data, power 
spectra, and thermal time scales 

Temperature Measurements 

- Hatf Plane 

108 Sampling Probing Locations in the Flames 



Test Matrix 

Flame 1 2’ 3 5 Flame 

Swirl Number 0.4 0.4 0.4 S&l Numbed 

Mom. Ratio 0.3 0.7 1.1 Mom. Ratio 

Eq. Ratio CP 0.625 0.625 0.625 Eq. Ratio CP 

Eq. Ratio PNI 0.625 0.625 0.625 Eq. Ratio AN1 

Ecj: Rdib’AhL? 0.625 0.625 0.625’ Eq. Ratio AN2 

Flame 2 4 6 Flame 
Swirl Number 0.7 0.7 0.7 Swirl Number 
Mom. Ratio 0.3 0.7 : 1.1 ,~ Ratio Mom. 

Eq. Ratio CP 0.625 0.625 0.625 Eq. Ratio CP 

Eq. Ratio ANI 0.625 0.625. 0.625 Eq. Ratio AN1 
Eq. Ratio AN2 0.625 0.625 0.625 Eq. Ratio AN2 

Flame 11: S = 0.4; M ~0.3; Flame 13: S = 0.4; M J 0.7; Flame 15: S=O.4; ?,I= 1.1; 

4,,,,= 0.462; $.,= 0.7; .$,,,-0.418; +.,=0.7; +,.,,=0.390; &= 0.7; 

+,., = 0.6; oati= 0.391 +..,=o.fi; +1a=o3 +..,- 0.6; $,,=0.231 

Flame 12: s = 0.7; M J 03; mamc 14: s=o.7; MS 0.7; Flame16: S =0.7; M= 1.1; 

& = OA62; &= 0 .7; $',,.,= 0.418; $,,= 0.7; +tot*,= 0390; '&=0.7; 

+,., = 0.6; $,n2 =0.391 +,.,= 0.6; a.,,, = 03 jxm, = 0.6; c&,,~ = 0.231 
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Photographs of Partially Premixed Flames 
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Case 11 _ 

S=O.4;M=O.3; &,tal=0.46i; 

&=0.7; (~~~=0.6; $&=0.391 

-0.5 0.0 0.5 1.0 
radial location (r/D) 

Mean Temperature Contour 



Case 11~ : 
S=0.4;M=O.3; $,,1=0.462; 

&,=0.7; (1~~=0.6; (p&=0.391 

1 .o 0.5 0.0 0.5 1.0 
radial location (r/D) 

Fluc&hting Temperature Contour 



Casell. _ 

S=O.4;‘&0.3; $t,,l~0.462; 

&=0.7; $,,=0.6; $&=0.391 
Location: r/D=O.OO;x/D=O.59 
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time shift (ms) 

Correlation Coefficient 
Integral scale=6.84 ms 
Micro-scale=l.24 ms 



Case 11,. _ 
S=O.4;M=O.3; (1~~~~1=0.462;’ 

&,=0.7; $,1=0.6; $&=0.391 
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Case 11 : 
S=0.4;M=O.3; $total=0.462; 

&,=0.7; $,1=0.6; $&=O 391 
Location: r/D=O.OO;jdD=$.59 
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Case 11. _ 
S=0.4;M=O.3; &tal=0.462; 

&,=0.7; $,1=0.6; $an2=0.391 
Location: r/D=O.59;jf/D=O.59 
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Case 11,. _ 
S=O.4; MzO.3; ~&~~=0.462; 
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Case 11 ._ 
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Case 11~ : 
S=0.4;M=O.3; $total=0.462; 

&,=0.7; Cpanl=0.6; $,2=0.391 
Location: r/D=O.OO;x/D=2.05 
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Case 11 _ 
S=0.4;M=O.3; $total=0.462; 

&=0.7; $,,=0.6; $&=0.391 
Location: r/D=O.OO;x/D=2.05 
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Case 11 i 
S=O.4; MzO.3; (1,,~=0.462; 

&,=0.7; $,,=0.6; $&=0.391 
Location: r/D=O.OO;$/D=2.05 
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Case 12 ; 
S=0.7;M=O.3; $totd=0.462; 

&=0.7; $x,1=0.6; 4d=0.391 

-0.5 0.0 0.5 1.0 
radial location (r/D) 

yean Temperature Contour 



Case 12 : 
S=0.7;M=O.3; &,bl=0.462; 

&=0.7; $,1=0.6; $an2=0.391 
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Case 12. _ 
S=O.7;M=O.3; $,,,,1=0.462; 

&,=0.7; $ml=O.6; $anz=0.391 
Location: r/D=O.OO;lrc/D=O.59 
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Case12, _, 
$=0.7;M=O.3; &,t~I~0.462; 

&j=O.7; 4,1=0.6; cjanz=0.391 
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Case 12~ ~ 
S=0.7;M=O.3; +toti=0.462; 
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Case 12 _ 
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Case 12~ c 
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Case 12, _ 
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Case 12 
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Case 12 
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Flame Temperature, Emissions and.the Corresponding Characteristic Time 
Scales at Different Regions Gf’the Flames 
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Sum-nary 

l Global flame features are effected~ by flow, burner 

geometry and operational parameters 

l Flame thermal signatures and flow field 
characteristics change significantly with swirl, and 
distribution of equivalence ratio and flow 
momentum 

l Significant variation of OH concentration in 
premixed flames 

l Combustion emission levels are effected by 
operational parameters and swirl distribution 

Major accomplishments 

l Quantified thermal non-uniformities in premixed 

and partially premixed flames 

l Correlated integral thermals time scales with overall 

emission levels 

l Quantified effect of swirl, flow momentum and 
equivalence ratio distribution on the flame structure 

l Detailed data can be used for design guidelines in 

advanced gas turbine combustors 
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Interaction With Industry 


